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1 

Circuit and method for simulation of a telephone apparatus 



This invention relates to data transfer arrangements between the telephone exchange 
and the subscriber apparatuses in telephone systems. More particularly the invention 
5 relates to a circuit which is used to simulate an analogue telephone apparatus in a 
system with an analogue telephone exchange and digital transfer connections. 

The conventional arrangement in an analogue telephone system is to draw a separate 
twin cable line to each subscriber device, typically a telephone apparatus. In digital 
systems it is possible to distribute the capacity represented by the same physical 

10 medium to many subscribers, because many telephone calls can be simultaneously 
transferred in the same line as multiplexed. If a digital transfer connection is added 
to an analogue telephone exchange, a circuit which functions as an analogue 
telephone apparatus for the telephone exchange is needed at the exchange end of the 
transfer connection. A circuit like this is called an office line interface circuit 

15 (OLIC). If the telephone device is also analogue, the telephone apparatus end of the 
transfer connection requires a circuit which makes the digital transfer connection 
look like an analogue connection to the telephone apparatus. A circuit like this is 
called a subscriber line interface circuit (SLIC). The present invention relates to the 
office line interface circuits. 

20 The ON-hook status generally means a status of the telephone system in which the 
telephone is not in use. The OFF-hook status in turn means a status of the telephone 
system in which the telephone handset is lifted from the cradle. The office line 
interface circuit must have at least the following functions: 

- it must be able to send and receive electric audio frequency signals 
25 simultaneously, 

- in the OFF-hook status it must switch on a so-called DC loop current, 

- in the ON-hook status it must prevent the flow of the DC loop current or switch on 
only a very small DC loop current. 

- it must produce the selection pulses according to the commands coming from the 
30 direction of the terminal equipment by switching the DC loop current on and off, 

- it must detect a call, payment pulses and reversal of input polarity in a telephone 
line, 

- it must be immune to common-mode signals in a telephone line and it must not 
send them itself, 
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- it must have a high impedance in the ON-hook status in relation to the telephone 
exchange, and in the OFF-hook status it must simulate a loop impedance of the 
required magnitude both at audio frequencies and payment pulse frequencies 
(generally 12 or 16 kHz) and 

- it must separate electrically the components connected to the telephone line, which 
float in relation to the local ground potential, and the components of the OLIC and 
the digital transfer connection, which are dependent on the local ground potential. 

In the latter operation it must also be taken into account that the voltage of the 
telephone line can be relatively high. The current which runs from the telephone 
10 exchange along the first wire of the twin cable to the OLIC and along the second 
wire of the twin cable back to the telephone exchange is called DC loop current. 

Especially the electric separation between the telephone line and the digital transfer 
connection has been complicated in the design of OLICs. A known solution is to use 
a gyrator, or a circuit which simulates a serial connection with a high inductance 
and a relatively low resistance or a similar RL circuit. The purpose of the gyrator is 
to pass through the desired loop current but to have a sufficiently high impedance at 
speech frequencies. The gyrator is switched on the line in the OFF-hook status and 
off the line in the ON-hook status. The DC impedance of the gyrator is often so high 
that a separate switch is also needed to switch on the selection pulses. Relays and/or 
transformers are used in most of the known solutions, which makes the OLIC large 
and expensive to manufacture. 

The Finnish patent application FI-935873 discloses a more advanced OLIC 101 as 
shown in Figure 1, which is connected to the telephone exchange 102 by means of a 
twin cable A, B, and to a digital transfer system with a capacity of 2 Mbit/s by 
25 means of a control unit 103. The required A/D and D/A conversions are carried out 
in the control unit, and thus the OLIC processes analogue signals only. The audio 
frequency signals come from the control unit along the connection 105, and they are 
transmitted via a pre-amplifier 104 to a double opto-isolator 106, which controls the 
current generator 107 connected to the twin cable A, B. The audio frequency signals 
30 of opposite directions come from the twin cable A, B via a differential amplifier 109 
and a passband filter 111 to the control unit. From the differential amplifier 109, 
there is also a connection via the RC-integrator 112 to the pre-amplifier 104 for 
producing a feedback which aims at keeping the voltage of the twin cable A, B 
constant. A relatively small impedance Z is switched to the twin cable A, B in the 
35 OFF-hook status by means of a detector 116 and a switch 114. The block 117 
produces a bias voltage to the double opto-isolator 106 and the current generator 
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107 from the loop current. The detection of the ON or OFF-hook status comes from 
the control unit to the RC-integrator 112 and the pre-amplifier 104. The 
transmission of the selection pulses takes place preferably by switching the voltage 
on and off on the ON and OFF-hook status detection line. 

5 With regard to electric isolation, the central component in the arrangement shown in 
Figure 1 is the double opto-isolator 106. It has been found that the manufacturers of 
double opto-isolators cannot keep the amplification coefficient of their products 
sufficiently constant, and so the amplification coefficients of double opto-isolators 
are rather individual. Because of this, each telephone channel according to Figure 1 
10 must be calibrated separately both as new and always when the double opto-isolator 
must be changed for some reason. The calibration causes a remarkable extra 
workload for the installers and maintainers of the equipment. 

Another drawback of the arrangement shown in Figure 1 is the complicated 
construction of the current generator needed in it. A controlled current generator is a 

15 circuit device in which the current of its output terminals is determined by the 
control of the current generator with a certain coefficient. The voltage of the output 
terminals should not be dependent on the current generator itself, but it must be 
determined by other circuit connections, that is, the output terminals of the current 
generator float in relation to other voltages in the circuit. The current generator can 

20 be voltage controlled or current controlled, but in both cases all known current 
generators have somewhat non-floating control, that is, they have requirements for 
the reference potential of the control signal in order to function as intended. In the 
arrangement of Figure 1, the isolation of the control signal from the voltages related 
to the digital transfer system is implemented by means of a double opto-isolator, but 

25 if there is an attempt to avoid opto-isolation for the above mentioned reasons, the 
problem is that a suitable floating real current generator is not known. 

The use of a current generator also entails the problem that it requires a lot of 
internal loop gain in order to be a real current generator and not just a much less 
ideal and thus more easily implemented current amplifier. It is possible to 

30 implement this required internal gain of the current generator by means of a low 
power operational amplifier solution, which means using a sufficiently multistage, 
especially low-current amplifier. Even in this case, certain bias voltage development 
circuits are needed, because the amplifier must float in relation to the reference 
ground of it environment. As a whole, the circuit solution becomes rather 

35 complicated. 
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It is an objective of the present invention to provide a new kind of an OLIC in 
which the above described problems of the prior art are eliminated or their impact 
has been reduced. Especially, the invention aims at providing an OLIC which is 
small and has low manufacturing costs. 

5 The objectives of the invention are achieved by regulating the flow of the line 
current with a current amplifier, which is controlled by two current mirrors or a 
corresponding current switching device. 

The device according to the invention is characterized in that it comprises 

- a current amplifier arrangement for feeding a certain current to a twin cable, 

10 - a first current switching device for switching a first control current to the current 
amplifier arrangement, and 

- a second current switching device for switching a second control current to the 
current amplifier arrangement. 

The invention also relates to a method for simulating an analogue telephone 
15 apparatus. The method according to the invention is characterized in that 

- the loop current running in the twin cable is amplified by means of a current 
amplifier arrangement, and 

- the current amplifier arrangement is controlled by means of a first current 
switching device and a second current switching device. 

20 In the OLIC according to the invention, the gyrator or current generator used in the 
prior art is replaced by a simple current amplifier, which is controlled by means of 
two current mirrors. The first current mirror is coupled between a relatively high 
positive supply voltage and the current amplifier, and the second current mirror is 
coupled between the current amplifier and a relatively low supply voltage. The first 

25 current mirror is controlled partly by providing feedback from the voltage between 
the wires of the telephone line and partly by using an audio frequency signal 
received from the direction of the digital transfer system as a control signal. In 
addition, the first current mirror can be controlled by selection pulses received from 
the direction of the digital transfer system. The control signal of the second current 

30 mirror is received from the first current mirror. 

The operation of a current amplifier used in accordance with the invention need not 
be frequency dependent as such, like the prior art gyrator, because the desired 
frequency dependency can be built in the feedback loop, which controls the 
operation of the current amplifier by means of the current mirrors. On the other 
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hand, the use of current mirrors removes the need to use opto-isolators, and thus the 
problems caused by different amplification coefficients are avoided. 

The immunity to common-mode signals of the device according to the invention can 
be improved by implementing the current amplifier as a coupling of two parallel 
5 current amplifiers, which are affected by common-mode signals differently. Thus 
the first current amplifier is controlled by the signal given by the first current mirror, 
and the second current amplifier is controlled by the signal given by the second 
current mirror. 

In addition to the current amplifiers, the OLIC according to the invention comprises 
10 means for detecting the polarity of the telephone line, an isolation amplifier for 
amplifying the signals received from the direction of the telephone exchange and for 
transmitting them to the digital transfer system, as well as a line impedance and a 
switch by which the line impedance can be switched to the telephone line, when 
needed. 

15 In the following, the invention will be described in more detail with reference to the 
examples of preferred embodiments and the accompanying drawings, in which 

Figure 1 shows a prior art OLIC, 

Figure 2 shows an OLIC in accordance with a first embodiment of the invention, 

Figure 3 shows an OLIC according to a second embodiment of the invention, 
20 and 

Figure 4 illustrates a method in accordance with the invention. 

Above in connection with the description of the prior art, reference was made to 
Figure 1, and in the next description of the invention and its preferred embodiments 
reference will be made mostly to figures 2 to 4. In the figures, the same reference 
25 numbers are used for corresponding parts. 

Figure 2 shows an OLIC 201 in accordance with the invention, located between an 
analogue telephone exchange 202 and a prior art OLIC circuit controller 203. The 
controller 203 can be of the kind described in the above mentioned patent 
application number FI-935873. The OLIC 201 is connected to the telephone 
30 exchange by a twin cable 204, and it is connected to the control circuit by at least 
connection 205 for an audio frequency reception signal, connection 206 for an audio 
frequency transmission signal, and connection 207 for selection pulses. 
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Transmission and reception are here defined so that signals directed from the 
telephone apparatus via the digital transfer system and OLIC to the telephone 
exchange are transmission signals, and signals directed from the telephone exchange 
via the OLIC and the digital transfer system to the telephone apparatus are reception 
5 signals. 

In the OLIC, the twin cable 204 is coupled to a polarity detector 208, which can be 
a high-impedance differential amplifier, known as such. The information about 
polarity in the twin cable given by it can be used in a manner known as such. In 
addition, the twin cable is coupled to a diode rectifier, the use of which is known as 
such, and the purpose of which is to allow the polarity of the twin cable to be 
reversed without having an effect on the operation of the OLIC. In accordance with 
the general practice in the field, the twin cable is drawn after the diode rectifier 209 
(on the right side of the diode rectifier in the figure) as if it continued through the 
diode rectifier, and many components after the diode rectifier are said to be 
connected to the twin cable, as if there were no diode rectifier there. 

The twin cable is, after the diode rectifier 209, connected to a differential amplifier 
210, which has two purposes in the embodiment of the invention according to 
Figure 2. Firstly, it produces an audio frequency reception signal, which is led via 
the reception coupling 205 to the control circuit 203 of the OLIC. In addition, the 
signal produced by it is led via the low-pass filter 211 to the feedback loop, the 
purpose and operation of which will be referred to later. A line impedance 212 with 
a switch 213 to control it is also connected to the twin cable in parallel with the 
differential amplifier 210. The line impedance 212 is generally intended for 
producing a small impedance in the OFF-hook status, and its purpose and 
dimensioning will be referred to later. 

In the embodiment of the invention shown in Figure 2, the current amplifier 214 is 
the component which replaces the prior art gyrator or current generator. The current 
amplifier 214 simply provides a current component between the input 215 and the 
common output 216, the relation of the current component to the control current 
30 between the control input 217 and the common output 216 being determined by a 
certain amplification coefficient. (A current amplifier is often a three-terminal 
device, such as a transistor, Darlington transistor or channel transistor (FET), and 
thus the second control terminal of the amplifier, or the control output is common 
with the output terminal). For providing the control current of the current amplifier 
35 214, the embodiment of the invention illustrated by Figure 2 includes a first current 
mirror 219 and a second current mirror 220. A current mirror is a known electric 
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coupling, which is controlled by a certain control current, which can be directed 
into the current mirror coupling or out therefrom, depending on the construction of 
the current mirror. The basic function of the current mirror is to produce a current of 
the same magnitude as the control current going to another coupling. The first 
5 current mirror 219 shown in Figure 2 is a so-called double current mirror; its control 
connection is denoted with 221, and it has two output connections 222 and 223. 
Thus the current mirror 219 constitutes an outward current from each output 
connection 222 and 223, the magnitude of each being the same as that of the current 
directed to the control connection 221. The second current mirror 220 is a simple 
10 current mirror, which constitutes a current directed inward from the connection 224, 
the magnitude thereof being the same as that of the control current directed to the 
control connection 225. The control current is led to the control connection 225 
from the second output connection 223 of the first current mirror. 

To make sure that the current mirrors 219 and 220 operate correctly regardless of 
the differences in the ground potential between the telephone exchange and the 
OLIC equipment, their operating power is constituted by a relatively high positive 
supply voltage 226 and a relatively low negative supply voltage 227. The first 
current mirror 219 is coupled to the positive supply voltage 226 and the second 
current mirror 220 is coupled to the negative supply voltage 227. The values of the 
supply voltages are selected such that the ground potential of the telephone 
exchange is between them in all circumstances. In a typical implementation, the 
potential difference between the supply voltages is 100 to 150 volts. The physical 
distance between the telephone exchange and the OLIC equipment is generally not 
very long, and thus there is not a very big difference between their ground 
potentials. The typical potential difference between the supply voltages is not so big 
that the coupling could not be implemented by using generally available 
semiconductors, which stand high voltages. Note that in an OLIC system, which 
comprises many OLICs for different telephone lines, all OLICs can use the same 
supply voltages 226 and 227. 

30 The current provided by the first current mirror 219 is led from the output 
connection 222 to the control input 217 of the current amplifier 214, and the current 
provided by the second current mirror 220 is led from the common output 216 of the 
current amplifier 214 to the input connection 224. Thus the current amplifier 214 
constitutes a current component between the input 215 and the output 216, and its 

35 relation to the control current between the control input 217 and the common output 
216 is determined by the amplification coefficient of the current amplifier 214. 
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Protection for the coupling can be provided by forward connected diodes 229 and 
230 between the first current mirror 219 and the current amplifier 214, and between 
the current amplifier 214 and the second current mirror 220. 

The formation of the control current to be led to the control input 221 of the first 
5 current mirror 219 in the embodiment of the invention illustrated by Figure 2 is 
described in the following passage. A low pass filter 211 filters the audio frequency 
components away from the signal provided by the differential amplifier 210, 
whereby a direct voltage component comparable to the desired line current remains. 
On the other hand, an alternating voltage component comparable to the transmission 
10 signal is received from the OLIC controller via the connection 206, and this 
alternating voltage component is summed to the direct voltage component. The 
voltage signal thus received is used to control the current generator 231, which 
produces a current comparable to the strength of the voltage signal. This current is 
led as control current to the control input 221 of the first current mirror 219. 

15 In the embodiment of the invention shown in Figure 2, the connection 207 intended 
for the selection pulses is led to the first current mirror 219 as an extra control 
signal. It can be used as an enable/disable arrangement, that is, when the system is 
in the OFF-hook status and the line current should be guided by the current mirrors 
219 and 220, the selection pulses brought to the current mirror 219 via the 

20 connection 207, the operation of the current mirrors 219 and 220 and thus the flow 
of the line current can be switched on and off, and the telephone exchange detects 
this as a similar phenomenon as the selection signals produced by an analogue 
telephone device. 

The operation of the line impedance 212 and the switch 213 will be described in the 
25 following passage. The switch 213 can be a simple transistor switch or other 
semiconductor switch, the operation of which is regulated by the magnitude of the 
line current. It is assumed in the figure that the line current runs through the switch 
213 (right to left in the figure), but the switch can also be implemented by 
measuring the rate of the line current by a separate measurement coupling, which 
30 gives a certain response when the rate of the line current exceeds a certain threshold 
value. Building a switch like this as well as a switch outlined in figure 2 is a 
technique which is as such known to a person skilled in the art. In any case, the 
purpose is that when the line current exceeds the threshold value, which means 
changing from the ON-hook status to the OFF-hook status, the switch 213 switches 
35 the line impedance 212 in parallel with the isolation amplifier 210 and the current 
amplifier 214. The value of the line impedance can be influenced by changing the 
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switching coefficient between the signals running in the connections 205 and 206 in 
the control circuit 203. A suitable fixed value can be selected as the value of the line 
impedance, or the required customer-specific selection can be made by changing the 
switching coefficient. This also has the advantage that the physical value of the line 
5 impedance 212 can be selected such that the OLIC circuit directly fills the 
impedance values required for the payment allocation pulses with the payment pulse 
frequency. 

The embodiment of the invention illustrated in Figure 2 has the drawback of being 
sensitive to common-mode signals that occur in a telephone line. Many 
10 semiconductor current mirror solutions are known in the prior art, but in all of them 
the impedance of the current output terminal is several megaohms or even tens of 
megaohms, which is very high for ordinary applications. On the other hand, the 
input impedance of the control terminal in practical current amplifier solutions is 
inevitably rather high, e.g. some kilo-ohms, in order to make the amplification 
15 coefficient of the current amplifier sufficiently high. Thus the common-mode 
interference voltage coupled to the telephone line gets to the common output of the 
current amplifier 214, from which it is coupled through the input impedance of the 
current amplifier and the output impedance of the current mirror 219 to the ground, 
which is the second reference of the common-mode signal. The coupling is very 
20 weak, and in ideal circuit devices even non-existent, but in practical circuit devices 
strong enough not to be ignored. In the solution illustrated in Figure 2, the unwanted 
coupling causes a control signal component to the current amplifier 214, which 
component is in the normal manner transferred to the output in the current amplifier; 
however, the output represents a transverse line current, whereby an unwanted 
25 transverse interference caused by the common-mode signal is created. The 
requirements for attenuation of the common-mode signals of a telephone connection 
are so high that in practice it may be difficult to find such dimensioning for the 
circuit solution described above that it would meet all the requirements with 
sufficient certainty. 

The problems described above can be eliminated with the arrangement shown in 
Figure 3. The OLIC 301 shown in Figure 3 is almost similar to the OLIC 201 shown 
in Figure 2. The important difference which relates to eliminating the above 
described problems is the fact that there are now two current amplifiers: a first 
current amplifier 314 and a second current amplifier 340, which is connected in 
parallel with the first one and constitutes a complementary pair with it. 
Complementary pairs mean components or circuit solutions which have analogue 
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constructions, but in which the polarities of direct voltages and currents are 
opposite. Bipolar transistors of the type PNP and NPN are examples of 
complementary pairs. The arrangement of the current mirrors 219 and 220 in 
relation to the current amplifiers 3 14 and 340 is such that from the output 222 of the 
5 first current mirror 219 current is led (through diode 229) as control current to the 
control input 317 of the first current amplifier 314, and from the control output 341 
of the second current amplifier 340 current is led (through diode 230) to the input 
224 of the second current mirror 220. 

In the solution shown in Figure 3, the control current produced by the first current 
10 mirror 219 thus runs from the common output 316 of the current amplifier 314 
through the telephone line to the telephone exchange 202 as part of the loop current. 
The control current of the current amplifier 314 is contained as a partial component 
in the return current from the telephone exchange 202, and it is led to the common 
output 342 of the current amplifier 340, therefrom to the control output 341 of the 
15 current amplifier 340 and further to the second current mirror 220. This arrangement 
has the advantage that although the above mentioned harmful transition between the 
common-mode/longitudinal-form interference voltages still occurs, it occurs mostly 
in the complementary pairs 314 and 340 equally high but opposite and is thus 
annulled. 

20 Another difference between the embodiments shown in Figures 2 and 3 is the fact 
that in Figure 3 the differential amplifier 210 is replaced by two separate differential 
amplifiers 350 and 351, the first of which is an AC-coupled differential amplifier 
350, which has a low amplification coefficient at the 25 Hz call frequency and a 
higher one in the audio frequency and payment pulse frequency range. The first 

25 differential amplifier 350 produces a signal comparable to the audio frequency 
and/or payment pulse frequency signal, which is led to the reception connection 
205. The second differential amplifier 351 is a DC-coupled differential amplifier, 
which gives a control signal comparable to the line voltage via the low-pass filter 
211 to the feedback loop, which controls the operation of the current mirror 219. 

30 The strength of the line current can also be conveniently measured from the second 
differential amplifier 351 as a voltage measurement. The solution based on two 
separate differential amplifiers can also be applied in the embodiment shown in 
Figure 2. 

The embodiments of the invention described above are naturally only examples, and 
35 they do not have a limiting effect on the invention. The current mirrors shown in 
Figures 3 and 4 can be replaced by other known circuit devices, which couple 
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different currents in the manner described above. Besides OLICs, the same 
inventional idea can be applied in other circuits where isolation is required between 
two systems in different reference potentials. The term "twin cable" can be 
understood very widely, whereby it means any wired connection in which at least 
two conductors are used for transmitting a signal in the same way as in the known 
analogue telephone systems. 

Figure 4 illustrates the method according to the invention as a schematic diagram. 
Block 401 represents an OLIC, which is situated between an analogue telephone 
exchange 202 and a control unit 203, and which could be an OLIC according to 
Figure 2 or an OLIC according to Figure 3. Prior art operations as such are the 
transmission of RX signals with an isolation amplifier, the detection of calls, 
payment pulses and polarity by means of a signal given by the isolation amplifier 
and switching the line impedance by means of a switch. The current mirror control 
described above provides the possibility for transmitting TX signals, for switching a 
loop current, for transmitting selection pulses and for electrical isolation. The use of 
complementary amplifier pairs improves the immunity of the OLIC against 
common-mode signals. 
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Claims 

1. An electric device (20 !, 301) for connecting an analogue data transfer device 
(202) by means of a control unit (203) to a digital transfer system, comprising 
means for connecting to a data transfer device with a twin cable (204), 

5 characterized in that it comprises 

- a current amplifier arrangement (214, 314, 340) for feeding a certain current to a 
twin cable, 

- a first current switching device (219) for switching a first control current to the 
current amplifier arrangement, and 

10 - a second current switching device (220) for switching a second control current to 
the current amplifier arrangement. 

2. A device according to Claim 1, characterized in that it comprises a first 
supply voltage connection (226) for providing a voltage level which is higher than 
any voltage level occurring in the twin cable (204), and a second supply voltage 

15 connection (227) for providing a voltage level which is lower than any voltage level 
occurring in the twin cable (204), whereby said first current switching device (219) 
is coupled to the first supply voltage connection and said second current switching 
device (220) is coupled to the second supply voltage connection. 

3. A device according to Claim 2, characterized in that said first current 
20 switching device is a double current mirror (219) with a first output (222) and a 

second output (223), and said second current switching device is a second current 
mirror (220) with a control input (225) and an input for the controlled current (224), 
whereby 

- the first output (222) of the double current mirror is coupled to the current 
25 amplifier arrangement, and the second output (223) is coupled to the control input 

(225) of the second current mirror, and 

- the input for the controlled current (224) of the second current mirror is coupled to 
the current amplifier arrangement. 

4. A device according to Claim 3, characterized in that said double current 
30 mirror (219) comprises a control input (221), whereby said device comprises means 

(206, 210, 211, 231, 351) for forming the signal to be led to the control input of the 
double current mirror as a sum of the signal corresponding to the measured voltage 
of the twin cable and the alternating voltage signal given by the control unit. 
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5. A device according to Claim 4, characterized in that said means for forming 
the signal to be led to the control input of the double current mirror comprise an 
isolation amplifier (210, 351) coupled to the twin cable and a current generator 
(231) coupled to the output of said isolation amplifier via a low pass filter (211), 

5 and means for summing the alternating current signal (206) given by the control unit 
to the signal received from the output of said low pass filter. 

6. A device according to Claim 4, characterized in that said double current 
mirror also comprises an input of the enable/disable type for controlling the double 
current mirror by means of selection pulses (207) given by the control unit. 

10 7. A device according to Claim 1, characterized in that said current amplifier 
arrangement comprises a first current amplifier (3 14) and a second current amplifier 
(340) connected in parallel to the twin cable, which constitute a complementary 
pair. 

8. A device according to Claim 7, characterized in that 

15 - it comprises a first supply voltage connection (226) for providing a voltage level 
which is higher than any voltage level occurring in the twin cable, and a second 
supply voltage connection (227) for providing a voltage level which is lower than 
any voltage level occurring in the twin cable, whereby said first current switching 
device (219) is coupled to the first supply voltage connection and said second 

20 current switching device (220) is coupled to the second supply voltage connection, 
and 

- said first current switching device is a double current mirror (219) with a first 
output (222) and a second output (223), and said second current switching device is 
a second current mirror (220) with a control input (225) and an input for the 

25 controlled current (224), 

whereby the first output (222) of the double current mirror (222) is coupled to the 
first current amplifier (314), and the second output (223) is coupled to the control 
input (225) of the second current mirror, and the input for the controlled current 
(224) of the second current mirror is coupled to the second current amplifier (340). 

30 9. A method for simulating an analogue telephone apparatus in a twin cable 
connected to a data transfer device, characterized in that 

- the loop current running in the twin cable is amplified by means of a current 
amplifier arrangement, and 

- said current amplifier arrangement is controlled by means of a first current 
35 switching device and a second current switching device. 
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10. A method according to Claim 9, characterized in that the control of a current 
amplifier arrangement by the first current switching device and the second current 
switching device is used 

- for transmitting audio frequency signals between a telephone exchange and a 
digital transfer system, 

- for switching a loop current in a twin cable, 

- for transmitting selection pulses from a digital transfer system to a telephone 
exchange and 

- for electrical isolation between components connected to the twin cable and 
components connected to the digital transfer system. 
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of residence is indicated below.) 

HURME, Ham 

Kaskenkaata jantie 18 C, FIN-02100 Espoo, 
Finland 



This person is: 

| | applicant only 

[ X| applicant and inventor 

| { inventor only Qf this check-box 
is marked do not fiU in below) 



State (that is, country) of nationality: 

Finland 



State (that is, country) of residence: 
Finland 



This person is applicant | | all designated I I all designated States except I 1 the United States I 1 the States indicated in 

for the purposes of: I 1 States I I the United States of America ULl of America only I I the Supplemental Box 



[x | Further applicants and/or (further) inventors arc indicated on a continuation sheet 



Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The person identified below is hereby/has been appointed to act on behalf 
of the applicants) before the competent International Authorities as: 



1 x| agent | [ common representative 



Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country.) 


Telephone No. 

+358-9- 


693701 


BERGGREN OY AB 


Facsimile No. 




P.O. Box 16, FIN-00101 Helsinki, Finland 


+358-9- 


6933944 




Teleprinter No. 



□ Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
space above is used instead to indicate a speciaJ address to which correspondence should be sent. 
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Continuation of Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) liNTVENTOR(S) 



1/ none of the following sub-boxes is used, this sheet should not be included in the request. 



Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant 's State (that is, country) of residence if no State 
of residence is indicated below.) 

TAMMINEN, Timo M. 

Puustellinpolku 8 C 8, FIN-00410 Helsinki, 
Finland 


This person is: 

| | applicant only 

|x 1 applicant and inventor 

| | inventor only (If check-box 
is marked, do not Jill in below.) 


State (that is, country) of nationality: 
Finland 


State (that is. country) of residence: 
Finland 



for the purposes of: 



□ all designated 
r-— 



States 



□ all designated States except 
the United States of America 



r— i the United States 
1 x l of; 



F America only 



□ the States indicated in 
the Supplemental Box 



Name and address: (Family name followed by given name; for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant V State (that is. country) of residence if no State 
of residence is indicated below.) 

KOSKELA, Jari 
Makelankatu 4d 
Finland 



A 6, FIN-00510 Helsinki, 



This person is: 

| | applicant only 

| x | applicant and inventor 

| | inventor only Of d»« check-box 
is marked, do not Jill in below.) 



State (that is, country) of nationality: 


State (that is. country) of residence: 


Finland 


Finland 



This person is applicant I I all designated | 1 all designated States except 1 1 the United States f— | the Slates indicated in 

for the purposes of: I I States I 1 the United States of America 1 X I of America only 1 I the Supplemental Box 



Name and address: (Family name followed by given name; for a legal entity, full official 
. designation. The address must include postal code and name of country. The country of the 
address indicated in this Box is the applicant s State (that is. country) of residence if no State This person is: 

of residence is indicated below.) 

| | applicant only 

| | applicant and inventor 

[ | inventor only (If this check-box 
1 1 is marked, do not fill in below.) 



State (that is. country) of nationality: 


State (that is, country) o 


f residence: 


This person is applicant r~| all designated 
for the purposes of: 1— J States 


1 | all designated States except | | the United States J— | the States indicated in 
I 1 the United States of America 1 1 of America only 1 I the Supplemental Box 



Name and address: (Family name followed by given name; for a legal entity, full official 

designation. The address must include postal code and name of country. The country of the 

address indicated in this Box is the applicant s State (that is, country) of residence if no Slate This person is: 

of residence is indicated below.) 

[ | applicant only 



| | applicant and inventor 

| 1 inventor only (If this check-box 
is marked, do not fill in below.) 



State (that is, country) of nationality: 



State (that is, country) of residence: 



This person is applicant I | all designated I — I alt designated States except I 1 the United States I | the States indicated in 

for the purposes of: I I States \ J the United States of America I | of America only \ | the Supplemental Box 



| | Further applicants and/or (further) inventors are indicated on another continuation sheet. 
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DESIGNATION OF STATES 



The following designations are hereby made under Rule 4.9(a) (mark the applicable check-boxes^ 
Regional Patent 
0 AP 



at least one must be marked): 



EA 



Q EP 



[3 



Pat cnt: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, \t\V Malawi, SD Sudan, SZ Swaziland, UG Ueanrf* 
ZW Zimbabwe, and any other State which is a Contracting State of the Harare Protocol and of the PCT 15 ^ 

Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of 
Moldova, RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting Sta?e 
of the Eurasian Patent Convention and of the PCT ng itatc 

European Patent: AT Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, CY Cyprus, DE Germanv 
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Italy. LU Luxembourg 
M C Monaco, NL. Netherlands, PT Portugal, SE Sweden, and any other State which is a Contracting State of the EuronJn 
Patent Convention and of the PCT *-wupwn 

OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Cdte d'lvoire, CM Cameroon. 
G A Gabon, GN Guinea, GW Guinea-Bissau, ML Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad, TG Toco ^nd 
any other State which is a member State of OAPI and a Contracting State of the PCT & other kind of protection or £ea\ment 
desired specify on dotted line) 



National Patent (if other kind of protection or treatment desired specify on dotted line)'. 



m 


AL 


m 


AM 


m 


AT 


m 


AU 


m 


AZ 


E 


BA 


m 


BB 


m 


BG 


m 


BR 




BY 


m 


CA 




CH 


H 


CN 


SI 


CU 


(SI 


cz 


a 


DE 


El 


DK 




EE 


pen 


ES 




FI 




On 


on 






GE 


E 


GH 


H 


GM 




HR 


H 


HU 


H 


ID 


Q 


IL 


0 


LN 




IS 


0 


JP 




KE 


0 


KG 


H 


KP 


0 


KR 


B 


KZ 


SI 


LC 


H 


LK 


IS 


LR 



Albania 

Armenia 

Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 

Barbados 

Bulgaria , 

Brazil 

Belarus 

Canada 

ind LI Switzerland and Liechtenstein 

China , 

Cuba 

Czech Republic 

Germany 

Denmark 

Estonia 

Spain 

Finland 

United Kingdom 
Grenada 

Georgia 

Ghana 

Gambia 

Croatia 

Hungary 

Indonesia 

Israel 

India 

Iceland 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's Republic of Korea, 



0 

m 
s 
a 

ED 
B 
ED 
0 
0 
□ 
ED 
ED 
0 
ED 
ED 
ED 
□ 

El 

H 
EI 
0 
0 

0 
0 
0 
ED 



LS 
LT 
LU 
LV 



Lesotho 
Lithuania 
Luxembourg 
Latvia 



MD Republic of Moldova 

MG Madagascar 

MK The former Yugoslav Republic of Macedonia 



MN Mongolia 

MW Malawi 

MX Mexico , 

NO Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 
Sudan 
Sweden 
Singapore 

Slovenia 

Slovakia 

Sierra Leone 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago . . . 

Ukraine 

Uganda 

United States of America , 



NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SG 

SI 

SK 

SL 

TJ 

TM 

TR 

TT 

UA 

UG 

US 



UZ 
VN 
YU 
ZW 



Uzbekistan 
Viet Nam . 
Yugoslavia 
Zimbabwe , 



Republic of Korea 

Kazakhstan 

Saint Lucia 
Sri Lanka 
Liberia 



Check-boxes reserved for designating States (for the purposes of 
a national Datent) which have become party to the PCT after 
issuance of this sheet: 



□ 



AE. .United . Ar.4t>. .Emirates 

.r>e.p!4t>l ic .of. South . Africa, 



Preca u tiooary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all other 
designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being excluded 
from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that any 
designation which is not confirmed before the expiration of 1 5 months from the priority date is to be regarded as withdrawn by the applicant 
at the expiration of that time limit (Confirmation of a designation consists of the filing of a notice specifying that designation and the payment of 
the designation and confirmation fees. Confirmation must reach the receiving Ojfice within the J 
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Box No. VI PRJORJTY CLAIM 



□ Further priority claims are indicated in the Supplemental Box. 



Filing date 
of earlier application 
(day/month/year) 



Number 
of earlier application 



Where earlier application is: 



national application: 
country 



regional application:* 
regional Office 



international application: 
receiving Office 



item (1) 

11 May 1998 
1 1 .05. 1998) 
item (2) 



981039 



Finland (FI) 



item (3) 



fx] The receiving Office is requested to prepare and transmit to the International Bureau a certified copy 
L — 1 of the earlier application(s) (only if the earlier application was filed with the Office which for the 
purposes of the present international application is the receiving Office) identified above as itcm(s): 

• Where the earlier application is an APJPO application, it is mandatory to indicate in the Supplemental Box at least one country party to the Paris 
Convention for the Protection of Industrial Property for which that earlier application was filed (Rule 4J0(b)(ii)). See Supplemental Box. 



( 1 ) 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) 
(if two or more International Searching Authorities are 
competent to carry out the international search, indicate 
the Authority chosen; the two-letter code may be used): 

ISA / se 



Request to use' results of earlier search; reference to that search (if an earlier 
search has been carried out by or requested from the International Searching Authority), 



Date (day/month/year) 



Number 



Country (or regional Office) 



Box No. VIII CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the following number of sheets: 

request : * 



description (excluding 
sequence listing part) 

claims 

abstract 

drawings 

sequence listing part 
of description 



10 

3 
1 
3 



Total number of sheets :2 1 



This international application is accompanied by the item(s) marked below: 

1. ED fee calculation sheet 

2. □ separate signed power of attorney 

3. □ copy of general power of attorney; reference number, if any: 

4. □ statement explaining lack of signature 

5. □ priority documents) identified in Box No. VI as item(s): 

6. □ translation of international application into (language): 

7. □ separate indications concerning deposited microorganism or other biological material 

8. □ nucleotide and/or amino acid sequence listing in computer readable form 



Figure of the drawings which 
should accompany the abstract: 2 


Language of filing of the 

international application: Finnish 


Box No. DC SIGNATURE OF APPLICANT OR AGENT 



Next to each signature, indicate the name of the person signing and the capacity in which the person signs (tfsuch capacity is not obvious from reading the request). 



BERGGREN OY AB 

Markus Levlin 
Patent Agent 



Helsinki, 11 May 1999 



1. 


Date of actual receipt of the purported 
international application: 


For rece 


1 1 MAY 1999 ( 1 1 -05- «99) 


2. Drawings: 


3. 


Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 






| | received: 


4. 


Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 






[ | not received: 


5. 


International Searching Authority , Q . . 
(if two or more arc competent): ioA / 




6. f | Transmittal of search copy delayed 
I— J until search fee is paid. 





Date of receipt of the record copy 
by the International Bureau: 



- For International Bureau use only 

15 JUNE 1999 
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Kytkenta ja menetelma puhelinkoneen simuloimiseksi - jKo£EliBg-deh--nrefod^ 
Sir att aiuiulciu e ft teletonapparatj 



Keksinto koskee yleisesti puhelinjarjestelmissa keskuksen ja tilaajalaitteidan valisia 
5 tiedonsiiitojarjestelyja. Erityisesti keksinto koskee piiria, jolla simuloidaan analogis- 
ta puhelirikonetta jarjestelmassa, jossa on analoginen keskus ja digitaalisia siirtoyh- 
teyksia. 

Analogisessa puhelinjarjestelmassa puhelinkeskuksesta on perinteisesti tarvinnut 

vetaa oma kierretty johdinpari kullekin tilaajalaitteelle, kuten puhelinkoneelle. Digi- 
10 taalisissa jarjestelmissa on mahdollista jakaa saman fyysisen median edustama ka- 

pasiteetti useiden tilaajien kesken siten, etta samassa johtimessa voidaan siirtaa mul- 
jjjO tipleksoituna useita puheluja samanaikaisesti. Jos analogiseesn puhelinkeskukseen 

[Tj >. liitetaan digitaalinen siirtoyhteys, tarvitaan keskuksen puoleisessa siirtoyhteyden 

<P 20 paassa piiri, joka keskuksen kannalta toimii kuten analoginen puhelinkone. Tallaista 

< 15 piiria nimitetaan OLIC-piiriksi (Office Line Interface Circuit). Jos puhelinkonekin 

on analoginen, puhelinkoneen puoleisessa siirtoyhteyden paassa tarvitaan piiri, joka 

saa digitaalisen siirtoyhteyden nayttamaan puhelinkoneen kannalta analogiselta. 

Tallaista piiria nimitetaan SLIC-piiriksi (Subscriber Line Interface Circuit). Esilla 

oleva keksinto koskee nimenomaan OLIC-piireja. 

20 ON-hook-tilalla tarkoitetaan yleisesti puhelinjarjestelman tilaa, jossa puhelimen 
kuuloke on paikallaan. OFF-hook-tilalla tarkoitetaan vastaavasti puhelinjarjestelman 
tilaa, jossa puhelimen kuuloke ei ole paikallaan. OLIC-piirilta vaaditaan ainakin 
seuraavat toiminnot: 

- sen tulee pystya lahettamaan ja vastaanottamaan samanaikaisesti sahkoisia aanitaa- 
25 juussignaaleja, 

- OFF-hook-tilassa sen tulee kytkea ns. DC-silmukkavirta, 

- ON-hook-tilassa sen tulee estaa DC-silmukkavirran kulku tai kytkea vain hyvin 
pieni DC-silmukkavirta, 

- sen tulee muodostaa valintapulssit paatelaitteen suunnasta tulevien komentojen 
30 mukaisesti kytkemalla ja katkomalla DC-silmukkavirtaa, 

- sen tulee ilmaista soitto, maksupulssit ja navanvaihto (syoton polariteetti) puhelin- 
linjassa, 

- sen tulee olla immuuni yhteismuotoisille signaaleille puhelinlinjassa eika se saa it- 
sekaan lahettaa sellaisia, 
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- sen tulee olla ON-hook-tilassa keskuksen suunnasta katsoen suuri-impedanssinen 

« 

ja simuloida OFF-hook-tilassa vaaditun suuruinen silmukkaimpedanssi seka aanitaa- 
juuksilla etta maksupulssitaajuuksilla (yleensa 12 tai 16 kHz) seka 

- sen tulee erottaa sahkoisesti toisaalta puhelinlinjaan liitetyt komponentit, jotka 
5 kelluvat paikalliseen maapotentiaaliin nahden, ja toisaalta OLIC-piirin ja digitaali- 

sen siirtoyhteyden komponentit, jotka on sidottu paikalliseen maapotentiaaliin. 

Viimeksi mainitussa toiminnossa on lisaksi huomioitava, etta puhelinlinjan jannite 
voi olla suhteellisen suuri. DC-silmukkavirraksi nimitetaan sita virtaa, joka kulkee 
puhelinkeskuksesta parikaapelin ensimmaista johdinta pitkin OLIC-piiriin ja pari- 
10 kaapelin toista johdinta pitkin takaisin puhelinkeskukseen. 

Perinteisesti erityisesti puhelinlinjan j a digitaalisen siirtoyhteyden valinen sahkoinen 
erottaminen on tuottanut paanvaivaa OLIC-piirien suunnittelussa. On tuimettua 
kayttaa ns. gyraattoria eli piiria, joka simuloi suuren induktanssin ja suhteellisen 
pienen vastuksen saijakytkentaa tai muuta vastaavaan tapaista RL-piiria. Gyraattorin 

15 tarkoituksena on paastaa lavitseen haluttu silmukkavirta, mutta olla riittavan suuri- 
impedanssinen puhetaajuuksilla. Gyraattori kytketaan linjalle OFF-hook tilassa ja 
irti linjasta ON-hook-tilassa. Usein gyraattorin DC-impedanssi on niin suuri etta va- 
lintapulssien kytkemiseen tarvitaan lisaksi erillinen kytkin. Useimmissa tunnetuissa 
ratkaisuissa on paadytty releiden ja/tai muuntajien kayttiion, mika tekee OLIC-pii- 

20 rista suurikokoisen ja kalliin valmistaa. 

Suomalaisesta patenttihakemuksesta numero FI-935873 tunnetaan kuvan 1 mukai- 
nen kehittyneempi OLIC-piiri 101, joka liittyy puhelinkeskukseen 102 parikaapelin 
A,B valityksella ja 2 Mbit/s-kapasiteettiseen digitaaliseen siirtojarjestelmaan ohjaus- 
yksikon 103 valityksella. Tarvittavat A/D- ja D/A-muunnokset on toteutettu ohjaus- 

25 yksikossa, joten OLIC-piiri 101 kasittelee pelkastaan analogisia signaaleja. Aanitaa- 
juussignaalit tulevat ohjausyksikosta liitantaa 105 pitkin ja ne valitetaan esivahvisti- 
men 104 valityksella kaksoisoptoerottimelle 106, joka ohjaa parikaapeliin A,B kyt- 
kettya virtageneraattoria 107. Vastakkaissuuhtaiset aanitaajuussignaalit tulevat pari- 
kaapelista A,B differentiaalivahvistimen 109 ja kaistanpaastosuodattimen 111 kautta 

30 ohjausyksikkoon. Differentiaalivahvistimelta 109 on myds kytkenta RC-integraatto- 
rin 112 kautta esivahvistimelle 104 sellaisen takaisinkytkennan muodostamiseksi, 
joka tahtaa parikaapelin A,B jannitteen pitamiseen vakiona. Suhteellisen pieni im- 
pedanssi Z kytketaan parikaapeliin A,B OFF-hook-tilassa ilmaisimen 116 ja kytki- 
men 114 valityksella. Lohko 1 17 tuottaa silmiikkavirrasta esijannitteen kaksoisopto- 

35 erottimelle 106 ja virtageneraattorille 107. ON- tai OFF-hook-tilan ilmaisu tulee 
ohjausyksikosta RC-integraattorille 112 ja esivahvistimelle 104. Valintapulssien 
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valitys tapahtuu edullisimmin kytkemalla ja katkomalla jannitetta ON- ja OFF-hook- 
tilan ilmaisulinjalla. 

Sahkoisen erottamisen kannalta oleellisin komponentti kuvan 1 mukaisessa jarjeste- 
lyssa on kaksoisoptoerotin 106. On todettu, etta kaksoisoptoerottimien valmistajat 
5 eivat pysty pitamaan tuotteidensa vahvistuskerrointa riittavan hyvin vakiona, vaan 
kaksoisoptoerottimet ovat vahvistuskertoimen suhteen hyvin yksilollisia. Tama ai- 
heuttaa sen, etta kukin kuvan 1 mukainen puhelinkanava on kalibroitava erikseen 
seka uutena etta aina, kun kaksoisoptoerotin on syysta tai toisesta vaihdettava. Ka- 
libroinneista aiheutuu merkittava ylimaarainen tyo laitteistojen asentajille ja yllapi- 
10 tajille. 

Toinen kuvan 1 mukaisen jarjestelyn haittapuoli on siina tarvittavan virtageneraat- 
torin monimutkaisuus. Ohjattu virtageraattori on piirielin, jonka lahtonavoissa vai- 
kuttava virta riippuu virtageneraattorin ohjauksesta tietylla kertoimella. Lahtonapo- 
jen jannite ei saa riippua itse virtageneraattorista vaan sen tulee maaraytya muusta 

15 piirikytkennasta, eli virtageneraattorin lahtonavat kelluvat muihin piirissa vaikutta- 
viin jannitteisiin nahden. Virtageneraattorin ohjaus voi sinansa olla jannite- tai vir- 
tamuodossa, mutta molemmissa tapauksissa kaikki tunnetut virtageneraattorit ovat 
ohjaukseltaan jotenkin ei-kelluvia eli niilla on jokin vaatimus ohjaussignaalin re- 
fenssipotentiaaliin nahden toimiakseen tarkoitetulla tavalla. Kuvan 1 jarjestelyssa 

20 ohjaussignaalin erotus digitaaliseen siirtojarjestelmaan liittyvista jannitteista on to- 
teutettu kaksoisoptoerottimen avulla, mutta jos edella mainituista syista halutaan 
valttaa optoerotusta, tulee ongelmaksi se, etta ei tunneta sopivaa kelluvaa reaalista 
virtageneraattoria. 

Virtageneraattorin kaytossa on lisaksi se ongelma, etta siina vaaditaan merkittavasti 
25 sisaista silmukkavahvistusta, jotta se olisi nimenomaan virtageneraattori eika pelkas- 

taan huomattavasti epaideaalisempi ja siten helpommin toteutettava virtavahvistin. 

Tama vaadittava virtageneraattorin sisainen vahvistus voidaan kylla toteuttaa esim. 

ns. Low Power Operational Amplifier -ratkaisun avulla eli kayttamalla riittavan 

moniasteista, erityisen vahavirtaista vahvistinta. Talloinkin tarvitaan tietyt esijannit- 
30 teen kehityspiirit, koska vahvistimen tulee kellua olinymparistonsa referenssimaahan 

nahden. Piiriratkaisusta tulee kokonaisuutena verrattain monimutkainen. 

Esilla olevan keksinnon tavoitteena on esittaa uudenlainen OLIC-piiri, jossa edella 
esitetyt tekniikan tasolle ominaiset ongelmat on poistettu tai niiden merkitysta on 
vahennetty. Erityisesti keksinnon tavoitteena on esittaa OLIC-piiri, joka on pieniko- 
35 koinen ja valmistuskustannuksiltaan edullinen. 
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Keksinnon tavoitteet saavutetaan kayttamalla linjavirran kulkua saatelevana elimena 
virtavahvistinta, jota ohjataan kahdella virtapeililla tai vastaavalla sahko virtaa kyt- 
kevalla elimella. 

Keksinnon mukaiselle laitteelle on tunnusomaista, etta se kasittaa 
5 - virtavahvistinjarjestelyn tietyn virran syottamiseksi parikaapeliin, 

- ensimmaisen virtaa kytkevan elimen ensimmaisen ohjausvirran kytkemiseksi virta- 
vahvistinjarjestelyyn seka 

- toisen virtaa kytkevan elimen toisen ohjausvirran kytkemiseksi virta vah vi s tinj arj e s - 
telyyn. 

10 Keksinto kohdistuu myos menetelmaan analogisen puhelinkoneen simuloimiseksi. 
Keksinnon mukaiselle menetelmalle on tunnusomaista, etta siina 

- vahvistetaan parikaapelissa kulkevaa silmukkavirtaa virtavahvistinjaijestelylla ja 

- ohjataan mainittua virtavahvistinjarjestelya ensimmaisella virtaa kytkevalla elimel- 
la ja toisella virtaa kytkevalla elimella. 

15 Keksinnon mukaisessa OLIC-piirissa kaytetaan tekniikan tason mukaisten gyraatto- 
rin tai virtageneraattorin asemesta yksinkertaista virtavahvistinta, jonka ohjaus ta- 
pahtuu kahdella virtapeililla. Ensimmainen virtapeili on kytketty suhteellisen korke- 
an positiivisen apujannitteen ja mainitun virtavahvistimen valille ja toinen virtapeili 
on kytketty virtavahvistimen ja suhteellisen matalan apujannitteen valille. Ensim- 

20 maisen virtapeilin ohjaus tapahtuu toisaalta muodostamalla takaisinkytkenta puhe- 
linlinjan johtimien valisesta jannitteesta ja toisaalta kayttamalla digitaalisen siirtojar- 
jestelman suunnasta saatavaa aanitaajuista signaalia ohjaus signaalina. Lisaksi en- 
simmaista virtapeilia voidaan ohjata digitaalisen siirtojarjestelman suunnasta saa- 
tavilla valintapulsseilla. Toisen virtapeilin ohjaussignaali saadaan ensimmaisesta 

25 virtapeilista. 

Keksinnon mukaisesti kaytettavan virtavahvistimen ei sinansa tarvitse toimia taa- 
juusriippuvasti kuten tekniikan tason mukaisen gyraattorin, koska haluttu taajuus- 
riippuvuus voidaan rakentaa osaksi takaisinkytkentasilmukkaa, joka ohjaa virtapeili- 
en valityksella virtavahvistimen toimintaa. Toisaalta virtapeilien kaytolla valtetaan 
30 optoeristimien tarve ja siihen liittyvat, erilaisista vahvistuskertoimista johtuvat on- 
gelmat. 

Keksinnon mukaisen laitteen immuniteettia yhteismuotoisille signaaleille voidaan 
parantaa kayttamalla virtavahvistimen a kahden rinnakkaisen virtavahvistimen kyt- 
kentaa, joihin yhteismuotoiset signaalit vaikuttavat eri tavalla. Talloin ensimmaista 
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virtavahvistinta ohjataan ensimmaisen virtapeilin antamalla signaalilla ja toista virta- 
vahvistinta ohjataan toisen virtapeilin antamalla signaalilla. 

Virtavahvistimien lisaksi keksinnon mukainen OLIC-piiri kasittaa valineet puhelin- 
linjan polariteetin ilmaisemiseksi, erotusvahvistimen puhelinkeskuksen suunnasta 
5 saatavien signaalien vahvistamiseksi ja toimittamiseksi digitaaliseen siirtojarjestel- 
maan seka linjaimpedanssin ja kytkimen, jolla linjaimpedanssi saadaan tarvittaessa 
kytketty a piihelinlinjaan. 

Seuraavassa selostetaan keksintda yksityiskohtaisemmin viitaten esimerkkina esitet- 
tyihin edullisiin suoritusmuotoihin ja oheisiin kuviin, joissa 

10 kuva 1 esittaa tekniikan tason mukaista OLIC-piiria, 

kuva 2 esittaa keksinnon ensimmaisen suoritusmuodon mukaista OLIC-piiria, 

kuva 3 esittaa keksinnon toisen suoritusmuodon mukaista OLIC-piiria ja 

kuva 4 havainnollistaa keksinnon mukaista menetelmaa. 

Edella tekniikan tason selostuksen yhteydessa on viitattu kuvaan 1, joten seuraavas- 
15 sa keksinnon ja sen edullisten suoritusmuotojen selostuksessa viitataan lahinna ku- 
viin 2-4. Kuvissa kaytetaan toisiaan vastaavista osista samoja viitenumeroita. 

Kuvassa 2 on esitetty eras keksinnon mukainen OLIC-piiri 201, joka sijaitsee ana- 
logisen puhelinkeskuksen 202 ja sinansa tekniikan tason mukaisen OLIC-piiriohjai- 
men 203 valissa. Ohjain 203 voi olla samanlainen kuin on esitetty edella mainitussa 

20 patenttihakemuksessa nximero FI-935873. OLIC-piiri 201 liittyy puhelinkeskukseen 
parikaapelilla 204 ja siita on ohjainpiiriin ainakin yhteys 205 aanitaajuista vastaan- 
ottosignaalia varten, yhteys 206 aanitaajuista lahetyssignaalia varten ja yhteys 207 
valintapulsseja varten. Lahetys ja vastaanotto on maaritelty tassa siten, etta puhelin- 
koneesta digitaalisen siirtojarjestelman ja OLIC-piirin kautta keskukseen suuntautu- 

25 vat signaalit ovat lahetyssignaaleja ja keskuksesta OLIC-piirin ja digitaalisen siirto- 
jarjestelman kautta puhelinkoneeseensuuntautuvat signaalit ovat vastaanottosignaa- 
leja. 

Parikaapeliin 204 on OLIC-piirissa 201 kytketty ensinnakin polariteetin ilmaisin 
208, joka voi olla sinansa tunnettu suuri-impedanssinen differentiaalivahvistin. Sen 
30 antamaa tietoa polariteetista parikaapelissa voidaan kayttaa sinansa tunnetulla taval- 
la. Parikaapeliin on lisaksi kytketty diodisilta 209, jonka kaytto on sinansa tunnettua 
ja jolla pyritaan siihen, etta parikaapelin polariteetti voi muuttua ilman, etta se vai- 
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kuttaa OLIC-piirin toimintaan. Parikaapeli piirretaan diodisillan 209 jalkeen (kuvas- 
sa diodisillan oikealla puolella) alalia yleisen kaytannon mukaisesti ikaan kuin se 
jatkuisi diodisillan lapi ja monista diodisillan jalkeisista komponenteista sanotaan, 
etta ne on kytketty parikaapeliin, ikaan kuin diodisiltaa ei olisi. 

5 Parikaapeliin on diodisillan 209 jalkeen kytketty differentiaalivahvistin 210, jolla on 
kuvan 2 mukaisessa keksinnon suoritusmuodossa kaksi tarkoitusta. Ensinnakin se 
tuottaa aanitaajuisen vastaanottosignaalin, joka johdetaan vastaanottoliitannan 205 
kautta OLIC-piirin ohjauspiiriin 203. Lisaksi sen tuottama signaali johdetaan ali- 
paastosuodattimen 2 1 1 kautta takaisinkytkentasilmukkaan, jonka merkitykseen ja 

10 toimintaan palataan jaljempana. Parikaapeliin on differentiaaHvahvistimen 210 rin- 
nalle kytketty myos linjaimpedanssi 212 seka sen kytkeytymista ohjaava kytkin 213. 
Linjaimpedanssi 212 on yleisesti tarkoitettu riittavan pienen impedanssin muodos- 
tamiseen OFF-hook-tilassa; sen merkitykseen ja mitoitukseen palataan jaljempana. 

Virtavahvistin 214 on kuvan 2 esittamassa keksinnon suoritusmuodossa se kompo- 

15 nentti, joka korvaa tekniikan tason mukaiset gyraattorin tai virtageneraattorin. Virta- 
vahvistin 214 toimii yksinkertaisesti siten, etta se muodostaa tulon 215 ja yhteisen 
lahdon 216 valille virtakomponentin, joka on tietyn vahvistuskertoimen maaraamas- 
sa suhteessa ohjaustulon 217 ja yhteisen lahdon 216 valilla kulkevaan ohjausvirtaan 
(virtavahvistin on usein kolminapainen elin kuten transistori, Darlington-transistori 

20 tai kanavatransistori eli FET ja siten vahvistimen toinen ohjausnapa eli ohjauslahto 
on yhteinen lahtonavan kanssa). Virtavahvistimen 214 ohjausvirran muodostami- 
seksi kuvan 2 mukaisessa keksinnon suoritusmuodossa on ensimmainen virtapeili 
219 ja toinen virtapeili 220. Virtapeili on sinansa tunnettu sahkoinen kytkenta, jota 
ohjataan tietylla ohjausvirralla, joka voi suuntautua virtapeilin rakenteesta riippuen 

25 joko virtapeilikytkentaan sisaan tai sielta pois. Virtapeilin perusominaisuus on se, 
etta se tuottaa johonkin muuhun liitantaan virran, joka on yhta suuri kuin mainittu 
ohjausvirta. Kuvassa 2 esitetty ensimmainen virtapeili 219 on ns. kaksoisvirtapeili, 
jonka ohjausliitantaa on merkitty viitenumerolla 221 ja jolla on kaksi lahtoliitantaa 
222 ja 223. Virtapeili 219 muodostaa siis kummastakin lahtoliitannasta 222 ja 223 

30 ulospain suuntautuvan virran, joka suuruus on sama kuin ohjausliitantaan 221 suun- 
tautuvan virran suuruus. Toinen virtapeili 220 on yksinkertainen virtapeili, joka 
muodostaa liitannasta 224 sisaan suuntautuvan virran, jonka suuruus on sama kuin 
ohjausliitantaan 225 suuntautuvan ohjausvirran suuruus. Ohjausvirta johdetaan oh- 
jausliitantaan 225 ensimmaisen virtapeilin toisesta lahtoliitannasta 223. 



35 Jotta virtapeilit 219 ja 220 voisivat toimia oikein riippumatta siita, millaisia maapo- 
tentiaalitason eroja puhelinkeskuksen ja OLIC-laitteiston valilla on, niiden kaytto- 



voimana kaytetaan suhteellisen korkeaa positiivista apujannitetta 226 ja suhteellisen 
matalaa negatiivista apujannitetta 227. Ensimmainen virtapeili 219 on kytketty po- 
sitiiviseen apujannitteeseen 226 ja toinen virtapeili 220 on kytketty negatiiviseen 
apujannitteeseen 227. Apujannitteiden arvot valitaan siten, etta puhelinkeskuksen 
5 maapotentiaali sijoittuu kaikissa olosuhteissa niiden valiin. Tyypillisessa toteutuk- 
sessa apujannitteiden valinen potentiaaliero on 100 - 150 volttia. Puhelinkeskuksen 
ja OLIC-laitteiston valinen fyysinen etaisyys ei tavallisesti ole kovin suuri, joten 
niiden maapotentiaalitasojen valilla ei ole kovin suurta eroa. Mainittu tyypillinen 
potentiaaliero apujannitteiden valilla ei ole niin suuri, etteiko kytkentaa voitaisi to- 
10 teuttaa normaalisti saatavilla olevilla, suuria jannitteita kestavilla puolijohteilla. On 
huomattava, etta OLIC-laitteistossa, joka kasittaa lukuisia OLIC-piireja eri puhelin- 
linjoja varten, kaikki OLIC-piirit voivat kayttaa samoja apujannitteita 226 ja 227. 

Ensimmaisen virtapeilin 219 muodostama virta johdetaan lahtoliitannasta 222 virta- 
vahvistimen 214 ohjaustuloon 217 ja toisen virtapeilin 220 muodostama virta johde- 

15 taan virta vahvistimen 214 yhteisesta lahdosta 216 tuloliitantaan 224. Virtavahvistin 
214 muodostaa siis tulon 215 ja lahdon 216 valille virtakomponentin, joka on virta- 
vahvistimen 214 vahvistuskertoimen maaraamassa suhteessa ohjaustulon 217 ja yh- 
teisen lahdon 216 valilla kulkevaan virtaan. Kytkennan suojaamiseksi voidaan kayt- 
taa myotasuuntaan kytkettyja diodeja 229 ja 230 ensimmaisen virtapeilin 219 ja 

20 virtavahvistimen 214 valilla ja virtavahvistimen 2 14 ja toisen virtapeilin 220 valilla. 

Seuraavaksi selostetaan ensimmaisen virtapeilin 219 ohjaustuloon 221 johdettavan 
ohjausvirran muodostumista kuvan 2 mukaisessa keksinnon suoritusmuodossa. Ali- 
paastosuodatin 211 suodattaa difFerentiaali vahvistimen 210 muodostamasta signaa- 
lista pois aanitaajuiset komponentit, jolloin jaljelle jaa haluttuim linjavirtaan verran- 

25 nollinen tasajannitekomponentti. Toisaalta liitannan 206 kautta saadaan OLIC-piirin 
ohjaimelta lahetyssignaaliin verrannollinen vaihtojannitekomponentti, joka summa- 
taan mainittuun tasajannitekomponenttiin. Nain saadulla jannitesignaalilla ohjataan 
virtageneraattoria 231, joka muodostaa jannitesignaalin suimiuteen verrannollisen 
virran. Tama virta johdetaan ohjausvirtana ensimmaisen virtapeilin 219 ohjaustu- 

30 loon 221. 

Valintapulsseille tarkoitettu liitanta 207 on kuvan 2 mukaisessa keksinnon suoritus- 
muodossa johdettu ensimmaiselle virtapeilille 219 ylimaaraisena ohjaussignaalina. 
Sita voidaan kayttaa enable/disable-tyyppisesti eli kun jarjestelma on OFF-hook- 
tilassa ja linjavirran tulisi kulkea virtapeihen 219 ja 220 ohjaamana, liitannan 207 
35 kautta virtapeilille 219 tuoduilla valintapulsseilla voidaan katkoa virtapeilien 219 ja 
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220 toimintaa ja sen valityksella linjavirran kulkua, minka puhelinkeskus havaitsee 
samanlaisena ilmidna kuin analogisen puhelinkoneen muodostamat valintasignaalit. 

Seuraavaksi selostetaan linjaimpedanssin 212 ja kytkimen 213 toimintaa. Kytkin 
213 voi olla yksinkertainen transistori- tai muu puolijohdekytkin, jonka toimintaa 
5 saatelee linjavirran suuruus. Kuvassa on oletettu, etta linjavirta kulkee kytkimen 213 
lapi (kuvassa oikealta vasemmalle), mutta kytkin voidaan toteuttaa myos siten, etta 
mitataan linjavirran suuruutta erillisella mittauskytkennalla, joka antaa tietyn vas- 
teen, kun linjavirta kasvaa suuremmaksi kuin tietty kynnysarvo. Seka tallaisen etta 
kuvassa 2 kaavamaisesti esitetyn kytkimen rakentaminen on sinansa alan ammatti- 

10 miehen tuntemaa tekniikkaa. Joka tapauksessa tarkoituksena on, etta kun linjavirta 
kasvaa yli kynnysarvon, joka "tarkoittaa siirtymista ON-hook-tilasta OFF-hook- 
tilaan, kytkin 213 kytkee linjaimpedanssin 212 erotusvahvistimen 210 ja virtavah- 
vistimen 214 rinnalle. Linjaimpedanssin arvoon voidaan vaikuttaa muuttamalla lii- 
tannoissa 205 ja 206 kulkevan signaalin valista kytkentakerrointa ohjauspiirissa 203. 

15 Linjaimpedassin arvoksi voidaan valita jokin sopiva kiintea arvo tai voidaan tehda 
tarvittava asiakaskohtainen valinta mainittua kytkentakerrointa muuttamalla. Tasta 
on lisaksi se etu, etta sopivaksi linjaimpedanssin 212 fyysiseksi arvoksi voidaan 
valita sellainen arvo, etta OLIC-piiri tayttaa suoraan maksunosoituspulssikayttoon 
vaaditut impedanssiarvot maksupulssitaajuudella. 

20 Kuvassa 2 esitetyn keksinnon suoritusmuodon haittapuolena on sen herkkyys puhe- 
linlinjassa esiintyville yhteismuotoisille signaaleille. Tekniikan tasosta tunnetaan 
useita puolijohdevirtapeiliratkaisuja, joissa kaikissa virran lahtonavan impedanssi on 
useita megaohmeja tai jopa kymmenia megaohmeja eli hyvin korkea tavallisia sovel- 
lutuksia ajatellen. Toisaalta kaytannon virtavah\dstinratkaisujen ohjausnavan tulo- 

25 impedanssi on valttamatta melko suuri, esim. kilo-ohmien luokkaa, jotta saataisiin 
toteutetuksi riittavan vahvistuskertoimen omaava virtavahvistin. Puhelinlinjaan kyt- 
keytynyt yhteismuotoinen hairiojannite paasee talloin virtavahvistimen 214 yhtei- 
seen lahtoon, josta se kytkeytyy virtavahvistimen tuloimpedanssin ja virtapeilin 219 
lahtoimpedanssin kautta maahan eli yhteismuotoisen signaalin toiseen referenssiin. 

30 Kytkenta on hyvin heikkoa ja ideaalisilla piirielimilla jopa olematonta, mutta kui- 
tenkin kaytannon piirielimilla juuri niin suurta, etta sita ei voi jattaa huomioimatta. 
Ei-toivottu kytkeytyminen aiheuttaa kuvan 2 mukaisessa ratkaisussa virtavahvisti- 
melle 214 ohjaussignaalikomponentin, joka siirtyy normaalitapaan virtavahvistimes- 
sa lahtoon; lahto edustaa kuitenkin poikittaista linjavirtaa, jolloin syntyy ei-toivottua 

35 yhteismuotoisen signaalin aiheuttamaa poikittaismuotoista hairiota. Vaatimukset 
puhelinliitannan yhteismuotosignaahen vaimennukselle ovat niin korkeat, etta kay- 
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tannossa voi olla vaikea loytaa edella selostetulle piiriratkaisulle sellaista mitoitusta, 
joka tayttaisi kaikki silta vaadittavat ominaisuudet riittavalla varmuudella. 

Edella esitetyt ongelmat voidaan poistaa kuvan 3 osoittamalla tavalla. Kuvassa 3 
esitetty OLIC-piiri 301 on suurimmaksi osaksi samanlainen kuin kuvassa 2 esitetty 

5 OLIC-piiri 201. Tarkea ero, joka nimenomaan liittyy edella esitettyjen ongelmien 
poistamiseen, on se ? etta virtavahvistimia on nyt kaksi: ensimmainen virtavahvistin 
314 ja sen rinnalle kytketty, komplementtiparina toimiva toinen virtavahvistin 340. 
Komplementtipareilla tarkoitetaan sellaisia komponentteja tai piiriratkaisuja, jotka 
ovan rakenteeltaan analogisia mutta joissa tasajannitteiden ja virtojen polariteetti on 

10 vastakkainen. Esimerkkina komplementtipareista ovat PNP- ja NPN-tyyppiset bipo- 
laaritransistorit. Virtapeilit 219 ja 220 on jarjestetty virtavahvistinten 314 ja 340 
suh-teen siten, etta ensimmaisen virtapeilin 219 lahdosta 222 johdetaan virta (diodin 
229 kautta) ohjausvirtana ensimmaisen virtavahvistimen 314 ohjaustuloon 317 ja 
toisen virtavahvistimen 340 ohjauslahdosta 341 johdetaan virta (diodin 230 kautta) 

15 toisen virtapeilin 220 tuloon 224. 

Kuvan 3 esittamassa ratkaisussa ensimmaisen virtapeilin 219 tuottama ohjausvirta 
kulkee siis virtavahvistimen 3 14 yhteisesta lahdosta 316 edelleen puhelinlinjan kaut- 
ta puhelinkeskukseen 202 osana silmukkavirtaa. Paluuvirta keskuksesta 202 sisaltaa 
osakomponenttinaan virtavahvistimen 3 14 ohjausvirran, joka johdetaan komplemen- 

20 taarisen virtavahvistimen 340 yhteiseen tuloon 342, sielta k.o. virtavahvistimen 340 
ohjauslahtoon 341 ja edelleen toiseen virtapeiliin 220. Taman jarjestelyn etuna on, 
etta vaikka edella mainittu haitallinen yhteismuotois-/pitMttaismuotois-h^6jarmit- 
teiden valinen siirtyma edelleen ilmenee, se ilmenee paasaantoisesti komplementti- 
pareissa 3 14 ja 340 yhtasuurena, mutta vastakkaismerkkisena ja tulee nain kumotuk- 

25 si. 

Toinen ero kuvissa 2 ja 3 esitettyjen suoritusmuotojen valilla on se, etta kuvassa 3 
kaytetaan kuvan 2 differentiaalivahvistimen 210 asemesta kahta erillista differenti- 
aalivahvistinta 350 ja 351, joista ensimmainen on AC-kytketty differentiaalivahvis- 
tin 350, jonka vahvistuskerroin on pieni 25 Hz:n soittotaajuudella ja suurempi aani- 

30 taajuus- ja maksupulssitaajuusalueella. Ensimmainen differentiaalivahvistin 350 
muodostaa puhelinlinjassa olevaan aani- ja/tai maksupulssitaajuiseen signaaliin ver- 
rannollisen signaalin, joka johdetaan vastaanottoliitantaan 205. Toinen differentiaa- 
livahvistin 351 on DC-kytketty differentiaalivahvistin, joka antaa linjajannitteeseen 
verrannollisen ohjaussignaalin alipaastosuodattimen 2 1 1 kautta takaisinkytkentasil- 

35 mukkaan, joka ohjaa virtapeilin 219 toimintaa. Toisesta differentiaalivahvistimesta 
351 saadaan edulhsesti myos mitattua linjavirran voimakkuus jannitemittauksena. 
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Kahteen erilliseen differentiaalivahvistimeen perustuvaa ratkaisua voidaan yhta hy- 
vin soveltaa myos kuvan 2 esittamassa suoritusmuodossa. 

Edella selostetut keksinnon suoritusmuodot ovat luonnollisesti vain esimerkinomai- 
sia eika niilla ole keksintoa rajoittavaa vaikutusta. Kuvissa 3 ja 4 esitetyt virtapeilit 

5 voidaan korvata joillakin sinansa tunnetuilla muilla piirielimilla, jotka kytkevat eri 
virtoja samalla tavalla kuin edella on selostettu. Samaa keksinnollista ajatusta voi- 
daan soveltaa OLIC-piirien lisaksi muissa piireissa, joissa vaaditaan isolaatiota kah- 
den eri referenssipotentiaalissa olevan jarjestelman valilla. Termi "parikaapeli" voi- 
daan ymmartaa hyvin laajasti, jolloin se tarkoittaa mita tahansa johdinyhteytta, josta 

10 ainakin kahta johdinta kaytetaan signaalin valittamiseen vastaavalla tavalla kuin tun- 
netuissa analogisissa piihelinjarjestelmissa. 

Kuvassa 4 on havainnollistettu keksinnon mukaista menetelmaa periaatekaavion 
muodossa. Lohko 401 kuvaa OLIC-piiria, joka sijaitsee analogisen pxihelinkeskuk- 
sen 202 ja ohjausyksikon 203 valissa ja joka voisi olla kuvan 2 mukainen OLIC-piiri 

15 201 tai kuvan 3 mukainen OLIC-piiri 301. Sinansa tekniikan tason mukaisia toimin- 
toja ovat RX-signaalien valittaminen erotusvahvistimella, soiton, maksupulssien ja 
polariteetin ilmaiseminen erotusvahvistimen antamalla signaalilla seka linjaimpe- 
danssin kytkeminen kytkimen avulla. Edella esitetty virtapeiliohjaus luo edellytykset 
TX-signaalien valittamiseen, silmukkavirran kytkemiseen, valintapulssien valittami- 

20 seen ja sahkoiseen erotukseen. Komplementaaristen vahvistinparien kaytto parantaa 
OLIC-piirin immuniteettia yhteismuotoisia signaaleja vastaan. 



Patenttivaatimukset 

1. Sahkoinen lake (201, 301) analogisen tiedonsiirtolaitteen (202) liittamiseksi 
ohjausyksikon (203) valityksella digitaaliseen siirtojarjestelmaan, kasittaen valineet 
liittymiseksi parikaapelilla (204) tiedonsiirtolaitteeseen, tunnettu siita, etta se kasit- 

5 taa 

- virtavahvistinjarjestelyn (214; 3 14, 340) tietyn virran syottamiseksi parikaapeliin, 

- ensimmaisen virtaa kytkevan elimen (219) ensimmaisen ohjausvirran kytkemiseksi 
virtavahvistinjarjestelyyn seka 

- toisen virtaa kytkevan elimen (220) toisen ohjausvirran kytkemiseksi virtavahvis- 
10 tinjarjestelyyn. 

2. Patenttivaatimuksen 1 mukainen laite, tunnettu siita, etta se kasittaa ensim- 
maisen apujanniteliitannan (226) sellaisen jannitetason muodostamiseksi, joka on 
korkeampi kuin mikaan parikaapelissa (204) esiintyva jannitetaso, seka toisen apu- 
janniteliitannan (227) sellaisen jannitetason muodostamiseksi, joka on matalampi 

15 kuin mikaan parikaapelissa (204) esiintyva jannitetaso, jolloin mainittu ensimmai- 
nen virtaa kytkeva elin (219) on kytketty ensimmaiseen apujanniteliitantaan ja mai- 
nittu toinen virtaa kytkeva elin (220) on kytketty toiseen apujanniteliitantaan. 

3. Patenttivaatimuksen 2 mukainen laite, tunnettu siita, etta mainittu ensimmai- 
nen virtaa kytkeva elin on kaksoisvirtapeili (219), jolla on ensimmainen lahto (222) 

20 ja toinen lahto (223), ja mainittu toinen virtaa kytkeva elin on toinen virtapeili 
(220), jolla on ohjaustulo (225) ja ohjatun virran tulo (224) , jolloin 

- kaksoisvirtapeilin ensimmainen lahto (222) on kytketty \drtavahvistinjarjestelyyn 
ja toinen lahto (223) on kytketty toisen virtapeilin ohjaustuloon (225) ja 

- toisen virtapeilin ohjatun virran tulo (224) on kytketty virtavahvistinjarjestelyyn. 

25 4. Patenttivaatimuksen 3 mukainen laite, tunnettu siita, etta mainittu kaksoisvir- 
tapeili (219) kasittaa ohjaustulon (221), jolloin mainittu laite kasittaa valineet (206, 
210, 211, 231, 351) kaksoisvirtapeilin ohjaustuloon johdettavan signaalin muodos- 
tamiseksi summana parikaapelin mitattua jannitetta kuvaavasta signaalista ja ohjaus- 
yksikon antamasta vaihtojannitesignaalista. 

30 5. Patenttivaatimuksen 4 mukainen laite, tunnettu siita, etta mainitut valineet 
kaksoisvirtapeilin ohjaustuloon johdettavan signaalin muodostamiseksi kasittavat 
parikaapeliin kytketyn erotusvahvistimen (210; 351) ja sen lahtoon alipaastosuodat- 
timen (211) valityksella kytketyn virtageneraattorin (231) seka valineet ohjausyksi- 
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kon antaman vaihtojannitesignaalin (206) summaamiseksi mainitun alipaastosuodat- 
timen lahdosta saatavaan signaaliin. 

6. Patenttivaatimuksen 4 mukainen laite, tunnettu siita, etta mainittu kaksoisvir- 
tapeili kasittaa lisaksi enable/disable-tyyppisen tulon kaksoisvirtapeilin ohjaamiseksi 

5 ohjausyksikon antamilla valintapulsseilla (207). 

7. Patenttivaatimuksen 1 mukainen laite, tunnettu siita, etta mainittu virtavahvis- 
tinjarjestely kasittaa parikaapeliin rinnan kytketyt ensimmaisen virtavahvistimen 
(3 14) ja toisen virtavahvistimen (340), jotka muodostavat komplementaarisen parin. 

8. Patenttivaatimuksen 7 mukainen laite, tunnettu siita, etta 

10 - se kasittaa ensimmaisen apujanniteliitannan (226) sellaisen jannitetason muodos- 
tamiseksi, joka on korkeampi kuin mikaan parikaapelissa esiintyva jannitetaso, seka 
toisen apujanniteliitannan (227) sellaisen jannitetason muodostamiseksi, joka on 
matalampi kuin mikaan parikaapelissa esiintyva jannitetaso, jolloin mainittu ensim- 
mainen virtaa kytkeva elin (219) on kytketty ensimmaiseen apujanniteliitantaan ja 

15 mainittu toinen virtaa kytkeva elin (220) on kytketty toiseen apujanniteliitantaan j a 
-mainittu ensimmainen virtaa kytkeva elin on kaksoisvirtapeili (219), jolla on en- 
simmainen lahto (222) ja toinen lahto (223), ja mainittu toinen virtaa kytkeva elin 
on toinen virtapeili (220), jolla on ohjaustulo (225) ja ohjatun virran tulo (224), 
jolloin kaksoisvirtapeilin ensimmainen lahto (222) on kytketty ensimmaiseen virta- 

20 vahvistimeen (3 14) ja toinen lahto (223) on kytketty toisen virtapeilin ohjaustuloon 
(225) ja toisen virtapeilin ohjatun virran tulo (224) on kytketty toiseen virtavahvis- 
timeen (340). 

9. Menetelma analogisen puhelinkoneen simuloimiseksi tiedonsiirtolaitteeseen 
liittyvassa parikaapelissa, tunnettu siita, etta siina 

25 - vahvistetaan parikaapelissa kulkevaa silmukkavirtaa \drtavahvistinjarjestelylla ja 

- ohjataan mainittua virtavahvistinjarjestelya ensimmaisella virtaa kytkevalla elimel- 
la ja toisella virtaa kytkevalla elimella. 

10. Patenttivaatimuksen 9 mukainen menetelma, tunnettu siita, etta siina kayte- 
taan virtavahvistinjarjestelyn ohjausta ensimmaisella virtaa kytkevalla elimella ja 

30 toisella virtaa kytkevalla elimella 

- aanitaajuussignaalien valittamiseen puhelinkeskuksen ja digitaalisen siirtojarjestel- 
man valilla, 

- silmukkavirran kytkemiseen parikaapelissa, 
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- valintapulssien valittamiseen digitaalisesta siirtojarjestelmasta puhelinkeskukseen 
ja 

- sahkoiseen erotukseen parikaapeliin liittyvien komponenttien ja digitaaliseen siir- 
tojarjestelmaan liittyvien komponenttien valilla. 



PCT/F199/Q0396 
(57) Tiivistelma 

Sahkoinen laite (201, 301) analogisen tiedonsiirtolaitteen (202) liittamiseksi ohjaus- 
yksikon (203) valityksella digitaaliseen siirtojarjestelmaan kasittaa valineet liittymi- 
seksi parikaapelilla (204) tiedonsiirtolaitteeseen. Lisaksi se kasittaa 

- virtavahvistinjarjestelyn (214; 314, 340) tietyn virran syottamiseksi parikaapeliin, 

- ensimmaisen virtaa kytkevan elimen (219) ensimmaisen ohjausvirran kytkemiseksi 
virtavahvistinjarjestelyyn seka 

- toisen virtaa kytkevan elimen (220) toisen ohjausvirran kytkemiseksi virtavahvistin- 
jarjestelyyn. 

Virtaa kytkevat elimet (219, 220) ovat edullisesti virtapeileja. 
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Claims 



1. An electric device (201, 301) for connecting an analogue data transfer device 
(202) by means of a control unit (203) to a digital transfer system, comprising means 
for connecting to a data transfer device with a twin cable (204), characterized in 

5 that it comprises 

- a current amplifier arrangement (214, 314, 340) for looping a certain current fed 
into the twin cable from its other end, 

- a first current switching device (219) for switching a first control current to the 
current amplifier arrangement, and 

10 - a second current switching device (220) for switching a second control current to 
the current amplifier arrangement. 

2. A device according to Claim 1, characterized in that it comprises a first 
supply voltage connection (226) for providing a voltage level which is higher than 
any voltage level occurring in the twin cable (204). and a second supply voltage 

15 connection (227) for providing a voltage level which is lower than any voltage level 
occurring in the twin cable (204), whereby said first current switching device (219) 
is coupled to the first supply voltage connection and said second current switching 
device (220) is coupled to the second supply voltage connection. 

3. A device according to Claim 2, characterized in that said first current 
20 switching device is a double current mirror (219) with a first output (222) and a 

second output (223), and said second current switching device is a second current 
mirror (220) with a control input (225) and an input for the controlled current (224), 
whereby 

-the first output (222) of the double current mirror is coupled to the current 
25 amplifier arrangement, and the second output (223) is coupled to the control input 
(225) of the second current mirror, and 

- the input for the controlled current (224) of the second current mirror is coupled to 
the current amplifier arrangement. 



4. A device according to Claim 3, characterized in that said double current 
mirror (219) comprises a control input (221), whereby said device comprises means 
(206, 210, 21 1, 231, 351) for forming the signal to be led to the control input of the 
double current mirror as a sum of the signal corresponding to the measured voltage 
of the twin cable and the alternating voltage signal given by the control unit. 
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5. A device according to Claim 4. characterized in that said means for forming 
the signal to be led to the control input of the double current mirror comprise an 
isolation amplifier (210. 351) coupled to the twin cable and a current generator 
(231) coupled to the output of said isolation amplifier via a low pass filter (21 1), and * 
means for summing the alternating current signal (206) given by the control unit to 
the signal received from the output of said low pass filter. 

6. A device according co Claim 4, characterized in that said double current 
mirror also comprises an input of the enable/disable type for controlling the double 
current mirror by means of selection pulses (207) given by the control unit. 

7. A device according to Claim 1, characterized in that said current amplifier 
arrangement comprises a first current amplifier (314) and a second current amplifier 
(340) connected in parallel to the twin cable, which constitute a complementary pair. 

8. A device according to Claim 7, characterized in that 

- it comprises a first supply voltage connection (226) for providing a voltage level 
which is higher than any voltage level occurring in the twin cable, and a second 
supply voltage connection (227) for providing a voltage level which is lower than 
any voltage level occurring in the twin cable, whereby said first current switching 
device (219) is coupled to the first supply voltage connection and said second 
current switching device (220) is coupled to the second supply voltage connection, 
and 

- said first current switching device is a double current mirror (219) with a first 
output (222) and a second output (223), and said second current switching device is 
a second current mirror (220) with a control input (225) and an input for the 
controlled current (224), 

whereby the first output (222) of the double current mirror (222) is coupled to the 
first current amplifier (314), and the second output (223) is coupled to the control 
input (225) of the second current mirror, and the input for the controlled current 
(224) of the second current mirror is coupled to the second current amplifier (340). 

9. A method for simulating an analogue telephone apparatus in a twin cable 

connected to a data transfer device, characterized in that 

* 

- the loop current fed into the twin cable from its other end is amplified by means of 
a current amplifier arrangement, and 

- said current amplifier arrangement is controlled by means of a first current 
switching device and a second current switching device. 
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10. A method according to Claim 9, characterized in that the control of a current 
amplifier arrangement by the first current switching device and the second current 
switching device is used 

-for transmitting audio frequency signals between a telephone exchange and a* 
digital transfer system, 

- for switching a loop current in a twin cable, 

- for transmitting selection pulses from a digital transfer system to a telephone 
exchange and 

- for electrical isolation between components connected to the twin cable and 
components connected to the digital transfer system. 
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